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Introduction
This report presents the results of the preliminary testing of two sets of stroboscopic shutter glasses (at 4 Hz and 8 Hz) proposed as countermeasures for motion sickness in helicopter passengers. MacNaughton, Incorporated, of Beaverton, Oregon (Appendix A), having a material transfer agreement with the U.S. Army Aeromedical Research Laboratory (USAARL), supplied the shutter glasses used in this effort. They maintain a licensing agreement with the National Aeronautics and Space Administration (NASA) for the production of the stroboscopic shutter glasses. The purpose of the tests in the USAARL JUH-60 Black Hawk helicopter was to examine the mission applicability and product potential of the glasses.
The USAARL has conducted research into motion sickness mitigation strategies for the mounted Soldier and remains interested in novel, non-pharmacological countermeasures for possible inclusion in future motion sickness studies. The preliminary testing of the shutter glasses was performed to help determine if the shutter glasses held any promise of efficacy and whether or not they should be included in future USAARL motion sickness studies.
Background
Dizziness, nausea, vomiting, drowsiness, pallor, sweating, and overall malaise that are triggered by travel in a boat, car, train, or plane all fall into the category of motion sickness (Lawther and Griffin, 1988) . Motion sickness has been well known for thousands of years. Ancient seafaring nations were very familiar with this malady. This problem has become increasingly prevalent in the modem world with the development of many forms of vehicular travel. The syndrome appears to arise from a disturbance in the vestibular apparatus, organs used to maintain balance and sense orientation and movement. The most widely accepted theory concerning the cause of motion sickness focuses on sensory mismatch between the visual and vestibular systems (Eyeson-Annan et al., 1996) . For example, passengers on cruise ships are far more likely to get seasick when below deck because their vestibular apparatus detects motion while their visual system does not (Gordon et al., 1994) . Standard advice for such seasickness is to go up on deck where vestibular and visual inputs agree. Similarly, studies have shown that children are less likely to become car sick when elevated in a seat that provides a good outside view (Fischer, 1998) . Melvill-Jones and Mandl (1981) , in a research project exploring adaptation of the vestibuloocular reflex, employed optically reversing prisms which induced motion sickness symptoms. They discovered what they termed a "particularly interesting" finding: "none of the subjects ever experienced nausea or associated symptoms" in stroboscopic light (strobe-light conditions). The results of a study by Reschke, Somers, and Ford (2006) , comparing the efficacy of strobe lighting and shutter glasses (both at 4 Hz) as a treatment for motion sickness, were very similar to those of Melvill-Jones and Mandl. Reschke, Somers, and Ford report that stroboscopic illumination, either by ambient illumination or by shutter glasses, reduced the severity of motion sickness symptoms and "appears to be an effective countermeasure where retinal slip is a significant factor in eliciting motion sickness due to either self-or surround-motion." A review of these studies provides compelling evidence that stroboscopic technology may provide a method of preventing motion sickness in the mounted warfighter.
Methods
Before the shutter glasses were tested, each device was subjected to frequency testing to ensure proper shutter rates. Conducted by members of the USAARL Vision Science Branch, the tests were performed using a photo detector connected to an oscilloscope which determined shutter frequency. Both devices, the 4 Hz and 8 Hz models, averaged sustained shutter rates within 0.10 Hz of their requisite frequency.
This effort was originally determined to be exempt from Army Regulation 70-25, Use of Volunteers as Subjects of Research by the USAARL Human Use Committee. As such, each participant was only required to sign a Request to Test document prior to his or her participation indicating that they were fully informed of the test procedures. Due to several unanticipated requests for the results of this preliminary assessment by others interested in stroboscopic technologies, the author sought permission to publish the findings. Each participant was informed of the intent to publish and each participant consented in writing to allow the publication of these preliminary findings.
Subjects
Six USAARL personnel (non-aviator, research staff members) responded to an organizationwide email solicitation and volunteered to participate in this test.
Test design
The test design (Table 1) required that all participants wear the shutter glasses during their first flight and therefore, was not balanced. Recall that this effort was a preliminary test of the glasses' potential, not a scientific evaluation of the glasses' efficacy. Therefore, due to the limited goal of this test, no balancing of the test conditions was conducted. It was more important to allow the participants to provide their subjective assessments of the devices under a condition which was completely uncontaminated by any previous flight experiences that day. Although not scientific, comparisons with the data from the second flight (without the glasses) two hours later, does provide interesting comparisons. A sample size of six, three wearing 4 Hz glasses and three wearing 8 Hz glasses, was deemed appropriate for the goal of achieving a preliminary test of the glasses but most certainly was insufficient to achieve statistical power or meet scientific rigor.
Data collection tools

MSQ
Subjective motion sickness symptoms were measured using a written version of the MSQ (Appendix B) (Kellogg, Kennedy, and Graybiel, 1965 ). The MSQ is a self-report form consisting of 28 items (symptoms) that are rated by the participant in terms of severity on a 4-point scale or with yes-no answers. Responses from the MSQ were entered into a scoring program that automatically scored the entries for nausea, oculomotor disturbance, disorientation, and total motion sickness symptom score. Nausea scores are derived from the self-assessments of general discomfort, increased salivation, sweating, nausea, difficulty concentrating, stomach awareness, and confusion. Oculomotor disturbance scores are derived from self-assessments of general discomfort, fatigue, headache, eye strain, difficulty focusing and concentrating, and blurred vision. Disorientation scores combine reports of focusing difficulties, nausea, fullness of the head, blurred vision, dizziness with eyes open and/or closed, and vertigo. The total symptom severity score is an aggregate of all of the symptoms. This questionnaire took approximately 5 minutes to administer.
Shutter Glasses Subjective Survey
This 5-question survey instrument (Appendix C) was used to gain insight into user opinions regarding the mission applicability and product potential of the glasses.
Procedures
The six participants experienced two flights as passengers seated in the cabin of the USAARL Black Hawk helicopter: the first with shutter glasses and the second without them. Both flights occurred on the same day and were separated by approximately two hours and lunch (Table 1 ). The flight profile (Figure 1 ) included straight and level flight, hovers, turns, and ascents and descents at varying rates and speeds. Note that no aircraft maneuvering or power limitations were ever exceeded during the flights. Each flight lasted approximately 20 minutes. A detailed flight profile is included in Appendix D. The flight profile, which was practiced numerous times prior to this study, has been used in a previous airsickness countermeasures study (Estrada et al., 2007) . To minimize variation, all flights were performed by the same research aviator at the aircraft controls. Each participant performed reading tasks, such as reading from the aircraft checklist, operator's manual, and aviation maps, during each flight. Participants were instructed to read aloud from the material provided in a notebook. Notebook pages were lettered A through E (Appendix E), and each reading task was assigned by letter by the principal investigator/nonflying pilot in a semi-random manner. The participant read the assigned page as the non-flying pilot assured compliance and accuracy.
Data collection
Following each flight, each participant was asked to fill out a motion sickness questionnaire (MSQ) (Appendix B). In addition, each participant was requested to provide subjective feedback via the Shutter Glasses Subjective Survey (Appendix C) as to the glasses' mission applicability and product potential of the glasses.
Data analysis
As alluded to earlier, the sample was too small to employ inferential statistics; therefore, the data is presented descriptively for examination. No statistical significance is implied by the following discussion of noted differences. The descriptive statistics were produced using SPSSR 12.0.
Results and discussion
MSQ
The 28 responses on this questionnaire (Appendix B) were automatically scored by a computer program developed by A. Higdon of the USAARL. The variables used from this test include scores for nausea, oculomotor disturbance, disorientation, and a score for total motion sickness symptom severity.
Comparing conditions: glasses and no glasses
When comparing the glasses (4 Hz and 8 Hz versions together) versus no glasses conditions, differences were noted. Figure 2 shows that the average nausea and total symptom severity scores were lower with the glasses on than with them off (14.3 vs. 25.4 and 13.7 vs. 14.3, respectively). On the other hand, the glasses condition produced higher average scores for oculomotor disturbance (8.8 vs. 3.7) and disorientation (13.9 vs. 9.2). These findings are not surprising as the visual system is the most important sensory system for maintaining equilibrium and orientation (Headquarters, Department of the Army, 2000). In addition, recall that a number of symptoms are combined to derive the MSQ oculomotor disturbance and disorientation scores. (See MSQ on page 3). An examination of Table 2, containing the frequencies in which MSQ symptoms were reported, reveals that many of the symptoms factored to derive these two scores were reported only when the glasses were worn and especially with the 4 Hz model.
In their present prototypical design, the glasses appear to affect some wearers' vision, specifically causing difficulty focusing, eye strain and blurred vision. This may have affected their focal and ambient vision. According to Gillingham and Previc (1993) , while focal vision is not primarily involved-with orienting the individual in the environment, it certainly contributes to conscious percepts of orientation, such as those derived from judgments of distance and depth and those obtained from reading (p. 17). Ambient or peripheral vision is primarily involved with one's orientation within an environment and is largely independent of focal vision. Hence, one can fully occupy focal vision with reading while simultaneously obtaining sufficient orientation cues with their peripheral vision (Gillingham and Previc, p. 18) . Therefore, it is reasonable to expect that any device that impairs or negatively affects visual perception can disturb visual/motor coordination and affect spatial orientation. 10.00.
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Type Glasses Figure 3 . 4 Hz versus 8 Hz type glasses: differences in individual MSQ subscores.
Figures 4 through 7 presents each shutter glass type compared to its no glasses condition for each of the MSQ measures. What becomes evident from these comparisons is that the 4 Hz shutter glasses accounted for most of the high scores seen in Figure 2 when the aggregate glasses condition was compared to the no glasses condition, specifically the oculomotor disturbance and the disorientation measures (see Figures 5 and 6 ). Type Glasses Figure 7 . Mean MSQ total symptom severity scores.
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Shutter Glasses Subjective Survey
The Survey findings are presented in Table 3 and can be summarized as generally positive remarks supporting further investigation into the efficacy of shutter glasses. Negative remarks included visual impairments (difficulty seeing targets, horizon, and text) and the potential to slow reaction time. Although not to a significant degree, I felt more comfortable while flying with the glasses than without them. This is true particularly in situations where I was not performing the reading task and loosing [sic] the horizon reference. As a remark, while performing the reading task, I felt no motion or motion discomfort whatsoever with or without the glasses. 8 Hz: Participant 4: 1 was very surprised how well I could effectively read. The [sic] also helped me concentrate more on the text and less on the actual flight maneuvers. Participant 5: I think they might make target detection a bit difficult but would control sickness. Participant 6: There was difficulty seeing the horizon and fine ground details during flight.
Limitations
The preliminary testing of the shutter glasses was conducted to reveal their potential as a countermeasure for motion sickness in a helicopter application and to, therefore, determine their worthiness of further study. For these reasons, the preliminary testing was intentionally limited to two flights with six participants (only three per device) with no intentions of drawing firm conclusions as to the shutter glasses' efficacy.
Conclusions
The findings of this limited test provide encouragement and support for the scientific testing of stroboscopic shutter glasses, particularly the 8 Hz version, in future USAARL motion sickness mitigation studies. Although efficacy of the shutter glasses as a countermeasure for motion sickness is not implied by this test, the results do indicate that stroboscopic technologies, such as the shutter glasses, demonstrate promise and should be explored as a non-pharmacological motion sickness prevention strategy. These preliminary, but suggestive, results are consistent with other encouraging reports (Reschke, Somers, and Ford, 2006; Han et al., 2005) demonstrating that stroboscopic illumination appears to be an effective countermeasure where retinal slip is a significant factor in eliciting motion sickness. The application of shutter glasses for use by helicopter passengers, if shown to be effective, could have an overall positive impact on the operational (physical and cognitive) capabilities of warfighters transported by air.
Suggestions for future research
Future USAARL research should include stroboscopic devices, particularly the 8 Hz shutter glasses, in order to determine efficacy and to document possible unfavorable disorienting and oculomotor disturbance effects.
